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(54) Overlay measurement technique using moire patterns 



(57) Misalignment between two masking steps used 
in the manufacture of semiconductive devices in a wafer 
is determined by having a special alignment pattern on 
each of two masks used in the process and forming im- 
ages of the masks on the semiconductor devices with 



the images of the alignment patterns being superim- 
posed over one another to form a Moire pattern. The 
Moire pattern is compared with other Moire patterns 
known to correspond to particular amounts of misalign- 
ment of the masks to see if it corresponds to an accept- 
able alignment. 
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Description 

Field of Invention 

[0001] This relates to the manufacture of semicon- 
ductor devices, and more particularly, to the use of pat- 
terns of marks in overlay measurements that are impor- 
tant in Ihe alignment of the masks used in such manu- 
facture. 

Background of the Invention 

[0002] In the manufacture of most semiconductive de- 
vices, particularly integrated circuit devices, much of the 
processing is done on a wafer scale. In such manufac- 
ture, a relatively large wafer, for example a water of 
twelve inches in diameter, is treated to a succession of 
steps to form the various regions of different conductivity 
type and the assorted connections that define particular 
integrated circuit devices. After these are formed, the 
wafer is diced to form a large number of chips, each of 
which includes an integrated circuit. It is desirable that 
the integrated circuits formed all be substantially uni- 
form in characteristics. 

[0003] Generally the manufacture of such devices in- 
cludes a succession of processing steps, many of which 
are controlled by masks that have been provided on a 
top surface of the wafer to localize the effect of the 
processing steps to particular regions of the wafer. It is 
important that such masks be appropriately aligned with 
respect to one another to achieve the necessary preci- 
sion in the location of the treated regions, particularly if 
there is to be achieved the desired uniformity between 
all of the integrated circuits formed in a wafer. 
[0004] To achieve the desired alignment of the masks 
used in successive steps of the processing, it is common 
to use special marks, or indicia, on the masks to print 
conforming marks on the edges of the wafer and to use 
such wafer marks for the overlay measurements impor- 
tant for alignment purposes. 

[0005] Moreover, it is important to detect any signifi- 
cant misalignment early in the processing so that cor- 
rection can be made timely before further processing. 
[0006] Currently the measuring process for detecting 
misalignment uses boxes, typically square or rectangu- 
lar, of different sizes etched in the wafer as the alignment 
marks, and uses boxes of different sizes within one an- 
other to detect misalignment. This process is limited 
both by possible asymmetries in the shape of the box 
and the width of the lines used to define the box, and by 
the need for the lines to be sufficiently long and wide 
that they can be measured directly. This can make the 
box process relatively inefficient when used in the state 
of the art integrated circuit devices that involve feature 
sizes of 0.25 microns or less. 

[0007] The present invention provides a novel tech- 
nique for determining mask misalignments and is par- 
ticularly useful in the manufacture of devices that involve 



feature sizes of 0.25 microns and less. 

Summary of the Invention 

5 [0008] The present invention is based on the use of 
Moire patterns to provide a measure of any misalign- 
ment between two different mask patterns printed on dif- 
ferent layer levels in the manufacture of semiconduclive 
devices. A Moire pattern is a distinctive pattern that is 
io formed when there is viewed the superposition on one 
another of two patterns of closely spaced lines, typically 
two repetitive patterns that differ only slightly. The struc- 
ture and location of the Moire pattern can provide a 
measure of the degree of misalignment of the two line/ 
15 space repetitive patterns. 

[0009] In accordance with the present invention, a 
process for use in the manufacture of semiconductive 
devices for detecting the misalignment of two separate 
masking steps is as follows. There is provided in each 
20 of the two masks used for the two masking steps a re- 
petitive pattern of marks of a kind that when the two pat- 
terns are superposed on one another, there is generated 
a Moire pattern that is a measure of the degree of mis- 
alignment between the two patterns. Each of the masks 
25 jn turn is used to print at the surface of the semiconduc- 
tive wafer being processed, superposed on one another, 
the patterns of marks on the two masks. There is then 
observed optically the Moire pattern formed by the two 
patterns of marks. The Moire pattern observed is com- 
30 pared with Moire patterns that are known to define the 
acceptable range of misalignment between the two 
masks to decide whether uninterrupted processing of 
the wafer is warranted. 

[0010] Stated more succinctly, the present invention 
35 is directed to a process for detecting misalignment of 
the two masking steps in the manufacture of semicon- 
ductive devices. The process comprises the steps of in- 
cluding in each of the two masks used for the masking 
steps a repetitive pattern of marks that when super- 
40 posed on one another generate a Moire pattern that is 
a measure of the degree of misalignment between the 
two masks; using the two masks to form at the surface 
the semiconductive wafer being processed, the patterns 
of marks of the two masks superposed on one another, 
45 and for generating a Moire pattern; observing optically 
the Moire pattern generated; and comparing the Moire 
pattern observed with Moire patterns corresponding to 
an acceptable alignment between the two masks. 
[0011] The invention will be better understood from 
50 the following more detailed description taken in conjunc- 
tion with the accompanying drawings. 

Brief Description of the Drawing 

55 [0012] 

FIG. 1 shows a repetitive pattern of 100 parallel 
straight lines and spaces of equal width; 
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FIG. 2 shows a similar repetitive pattern of straight 
lines and spaces in which each line and space has 
been increased in width by 1% as compared with 
those in the pattern of FIG. 1 ; 
FIG. 3 shows the Moire pattern resulting from the 
overlay of the pattern of FIG. 2 over the pattern of 
FIG. 1 when the first lines on the left of each pattern 
are aligned; 

FIG. 4 shows the Moire pattern resulting from a sim- 
ilar overlay of the pattern of FIG. 2 on the pattern of 
FIG. 1 when the first line of the pattern of FIG. 2 has 
been shifted to the left by a first amount; 
FIG. 5 shows the Moire pattern for the same type 
of overlay when the first line of FIG. 2 has been shift- 
ed to the left an amount twice the amount of the shift 
represented by FIG. 4; and 

FIG. 6 shows atypical Moire pattern associated with 
a checkerboard pattern for use for two dimensional 
alignment. 

Detailed Description 

[0013] With reference now to FIG. 1, there is shown 
a repetitive alignment pattern, extending an illustrative 
distance of 42 micrometers, of 100 straight lines and 
spaces, each of 210 micrometers width. In the practice 
of the invention, such an alignment pattern would be 
formed on the first of two masks that are to be used in 
two processes being controlled. This repetitive pattern 
of lines is then formed in turn in the photoresist used to 
define the effect of the process in the silicon Wafer. Ad- 
vantageously this repetitive pattern is etched in at an 
edge region (kerf) of the wafer. 

[0014] Subsequently the second mask to be used is 
provided with a similar repetitive pattern of lines/spaces, 
although with slightly wider width of the lines and spaces 
as discussed with reference to FIGS. 1 and 2. It is su- 
perimposed over the line/space pattern already etched 
in the silicon with the first line of the second pattern 
aligned with the first line of the pattern earlier etched in 
the silicon. Typically, a photoresist that is to control the 
second process is first provided between the silicon wa- 
fer and the second mask. This second line/space pat- 
tern is then etched in the photoresist effectively to su- 
perpose the line/space pattern of FIG. 2 over the pattern 
of FIG. 1. 

[0015] Accurate alignment of the first two lines of the 
line/space patterns, evidenced by a Moire pattern of the 
kind shown in FIG. 3, normally would insure the desired 
close alignment of the masking patterns provided by the 
two masks, at least in the direction perpendicular to the 
lines of the line/space patterns. 

[0016] However, inaccurate alignment of the second 
mask would be evidenced by a Moire pattern of the kind 
shown in either FIG. 4 or 5. In this case, the second 
mask and its photoresist would be removed and a new 
photoresist would be repatterned with a repositioned 
mask to correct the misalignment in light of the earlier 



result. 

[0017] In particular with a misalignment of the pattern 
of FIG. 2 1 05 nanometers to the left, as is shown in FIG. 
4, the solid black block occurs further to the right than 
5 in FIG. 3 by a distance of 1 0.5 micrometers. This repre- 
sents an amplification of the misalignment by a factor of 
. . 100, determined by the 1% expansion of the pattern of 
FIG. 2 with respect to the pattern of FIG. 1 . With an ad- 
ditional misalignment to the left of another 105 nanom- 
10 eters, a solid black block is formed at the right end of 
the Moire pattern and a second black block is formed at 
the left end of the Moire pattern, as is shown in FIG. 5. 
[0018] Advantageously, the invention is best used by 
forming a series of calibration Moire patterns corre- 
1^ spending to different misalignments and then examining 
the operational Moire patterns to see if they correspond 
to calibration Moire patterns representative of tolerable 
misalignments. 

[0019] Typically, the Moire patterns formed are ob- 
served optically and compared visually, although sys- 
tems can be devised to test automatically. 
[0020] Test patterns of various sensitivities can be de- 
vised by changing either the widths of the lines and 
spaces and/or the difference in their widths. The smaller 
the difference in widths the more sensitive the test, al- 
though typically the more difficult to apply. 
[0021] Accordingly, by appropriate choice of the pa- 
rameters of the two patterns used to generate the Moire 
patterns, a desired degree of sensitivity or amplification 
can generally be obtained. This method can be used to 
test misalignment in either the horizontal or the vertical 
direction. Moreover, by use of a checkerboard pattern 
of squares, of slightly different sizes for the two patterns, 
measurement of misalignment in both the vertical and 
horizontal directions can be obtained. Different degrees 
of misalignments result in different Moire patterns, of 
which a typical one is shown in FIG. 6. 
[0022] It is to be understood that the particular proc- 
ess described is merely illustrative of the general prin- 
ciples of the invention. Various modifications are possi- 
ble consistent with the spirt of the invention, for example, 
by use of repetitive patterns of curved lines and spaces 
or other repetitive patterns of lines and spaces. 



1. A process for detecting misalignment of the two 
masking steps in the manufacture of semiconduc- 
tive devices comprising the steps of: 

including in each of the two masks used for the 
masking steps a repetitive pattern of marks that 
when superposed on one another generate a 
Moire pattern that is a measure of the degree 
of misalignment between the two masks; 
using the two masks to form at the surface of 
the semiconductive wafer being processed, the 
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patterns of marks of the two masks superposed 
on one another for generating a Moire pattern; 
observing optically the Moire pattern generat- 
ed; and 

comparing the Moire pattern observed with s 
Moire patterns corresponding to an acceptable 
alignment between the two masks. 

2. The process of claim 1 in which the repetitive pat- 
terns in the two masks comprise a plurality of lines to 
and spaces that differ only in the widths of the lines 
and spaces in the two patterns. 

3. The process of claim 2 in which the lines and spaces 

in each pattern are uniform in width and there is a f5 
uniform difference in widths of the lines and spaces 
of the two patterns. 

4. The process of claim 1 in which the pattern of marks 

in each of the two masks is a checkerboard pattern 20 
of uniform squares and the size of the squares in 
the two patterns differs by a prescribed amount. 
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